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The transradial approach is a well-known safe and useful alternative approach to trans-
femoral access for coronary, neurointerventional and abdominopelvic interventional pro-
cedures (1–3). Compared to femoral artery access, radial access is associated with lower 

morbidity and mortality rates (4), fewer complications at the vascular access site, earlier ambu-
lation, greater postprocedural comfort for the patient and better cost-effectiveness (1). In 2017, 
Kiemeneij (5) reported that distal radial access in the anatomical snuffbox had theoretically few-
er hemorrhagic complications than did conventional radial access. This access improves opera-
tor and patient comfort during the procedure, especially when using the left radial approach. In 
addition, no forced external rotation of the forearm is needed during procedures. 

The aim of this study was to reproduce and detail this technique and to evaluate the safe-
ty and feasibility of the ultrasound-guided distal radial artery (DRA) approach to perform 
abdominopelvic transarterial interventional procedures.

Methods
Patients

Ethical approval from the hospital committee was obtained (3.681.985) and informed 
consent was a prerequisite for enrolling each subject.

PURPOSE 
We aimed to evaluate ultrasound-guided distal radial artery (DRA) access to perform abdomi-
nopelvic endovascular procedures.

METHODS
A prospective, observational study was carried out in a single center between December 2017 and 
February 2019. Forty-two abdominopelvic endovascular procedures were performed by the same 
operator in 37 patients with DRA access using a 5 F sheath. Most patients were male (67.6%) with 
a mean age of 62.0±11.4 years (age range, 27.6–82.8 years). Patient characteristics, including Bar-
beau’s test classification, radial and ulnar sizes and technical success, were evaluated. Patients with 
a DRA smaller than 1.7 mm could not be safely punctured and were not included.

RESULTS
Procedures included chemoembolization of hepatocellular carcinoma in 35 cases (83.3%), embo-
lization of hepatic metastasis in neuroendocrine tumors in 4 cases (9.5%) and other embolization 
procedures in 3 cases (7.1%). The mean diameters of the DRA, proximal radial artery and proximal 
ulnar artery were 2.31, 2.63, and 2.09 mm, respectively. Out of 42 DRA puncture attempts, 97.6% 
(41/42) were successfully performed. There were no postoperative complications related to the 
access site, such as pain, palsy, paresthesia, occlusion, finger ischemia, bleeding, hematoma, and 
pseudoaneurysm. Transient forearm discomfort was reported in 7.1% of patients (3/42); one oc-
currence was associated with kinking rectification, and two occurrences were attributed to small 
arteries and/or vasospasm.

CONCLUSION
Ultrasound-guided DRA access seems to be feasible and safe to perform in abdominopelvic en-
dovascular procedures in patients with a DRA considered amenable to be safely punctured, with 
high technical success rates.
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This prospective, single-arm, observa-
tional study was carried out between De-
cember 2017 and February 2019. A total 
of  42 abdominopelvic transarterial inter-
ventional procedures, in which the use of 
the DRA approach was intended, were per-
formed in 37 patients. All procedures were 
performed by one interventional radiolo-
gist with 8 years of experience (LMM).

Patients with a DRA smaller than 1.7 
mm were not included in the study due to 
size incompatibility to receive a 5 F sheath 
and due to a higher risk of local complica-
tion. 

DRA access
The DRA is typically palpable at the inter-

section of the thumb and first finger over 
the boney structures of the snuffbox. The 
left DRA was more frequently chosen for 
abdominal interventions involving the liver, 
and the right DRA was chosen for pelvic in-
terventions or for abdominal interventions 
involving the kidneys or spleen and for 
those performed under sedation or general 
anesthesia.

Preliminary ultrasound evaluation of the 
radial artery was performed to ensure ade-
quate vessel size for puncture at both the 
DRA and proximal radial artery (PRA) punc-
ture sites. In patients with DRA diameters of 
less than 1.7 mm or radial artery occlusion 
(RAO), a puncture was not attempted, and 
the patient was not included in the study.

When the access was performed in the 
left arm, a cushion was placed under the 
left upper arm, the forearm was kept across 
the abdomen, and the hand was placed 
in internal rotation above the right groin. 
When the access was performed in the right 
arm, the arm was placed across the torso, 
with the wrist in neutral position and with 

a discrete internal rotation relative to the 
anatomic position (Fig. 1). A Barbeau test 
(6) was performed before arterial puncture. 
The DRA was punctured independent of 
Barbeau test classification.

All attempts were performed under local 
anesthesia. Sedation was used as needed 
according to the procedure or patient clin-
ical status. After subcutaneous injection of 
approximately 2.0 mL of 2% lidocaine, the 
radial artery was punctured at the dorsum 
of the hand, distal to the snuffbox (Fig. 2), 
under ultrasound guidance using a 21 G, 
4.0 cm needle and single-wall technique. 
When pulsatile arterial blood return was 
visually confirmed, a 0.018-inch wire was 
advanced into the radial artery. When the 
vessel was properly accessed, the needle 
was removed, and a 5 F, 11 cm sheath was 
placed. A small skin incision was sometimes 
necessary before introducing the introduc-
er-dilator kit to prevent damage to the tip 
of the introducer and sheath (Fig. 3). After 
sheath placement, 200 mg of nitroglycerin 
was subsequently administered through 
the sheath, followed by a saline flush. Sys-
temic heparinization was intravenously in-
duced with 5000 IU of heparin. The sheath 
was always kept under a continuous flush of 
1 mL/min of 100 mg of papaverine diluted 
in 1000 mL of saline.

All procedures were performed using a 5 
F 125 cm long angiographic catheter (Per-
forma, Merit Medical Systems). The distal 
catheter shape was chosen according to 
the vessel anatomy depending on the type 
of procedure and included a straight pigtail, 
Berenstein, Ultimate 1, Cobra 2. The micro-
catheter was always 150 cm in length (Mae-
stro, Merit Medical Systems; Excelsior 1018, 
Stryker Neurovascular), and the 0.014-inch 
guidewire was at least 180 cm in length 
(True Form, Merit Medical Systems; Tran-
send, Stryker Neurovascular).

After the procedure, all wires and cath-
eters were removed. Manual compression 
was applied at the punctured site distal to 
the snuffbox for 10 to 15 minutes. A non-
compressive dressing was then applied at 
the punctured site. DRA compression de-
vices were not commercially available at 
the time of the study and thus could not be 
used. Clinical evaluation of the access site 
was performed, and the radial pulse both 
distal to the snuffbox and in the wrist was 
evaluated for all patients approximately at 
two hours and at 30 days after the proce-
dure.

Outcome assessment
Technical success was defined when the DRA 

approach was successfully achieved among 
patients with a DRA considered amenable to 
receiving a 5 F sheath, and the entire proce-
dure could be successfully completed.

Clinical evaluations were conducted 2 
hours and 30 days after the procedure. Pa-
tients were evaluated for puncture-related 
complications, such as pain, palsy, pares-
thesia, finger ischemia, bleeding, hemato-
ma, and pseudoaneurysm, and for the pres-
ence of pulse in the DRA and PRA puncture 
sites.

Main points

• Distal radial access (DRA) improves operator 
and patient comfort during the procedure, 
especially when using the left radial ap-
proach, and is theoretically safer than radial 
access in the common wrist approach.

• We did not encounter postoperative com-
plications related to the access site, such 
as pain, palsy, paresthesia, finger ischemia, 
bleeding, hematoma, and pseudoaneurysm.

• Based on our data, DRA access under ultra-
sound guidance seems to be safe and fea-
sible, with reproducible and high technical 
success rates and low complication incidenc-
es.

Figure 1. a, b. Operator on the right side of the 
patient performing left distal radial access.

b

a

Figure 2. Catheterization site of distal radial 
artery. The black arrow shows the segment that 
was punctured.



Results
Thirty-seven patients, most male (67.6%) 

with a mean (±SD) age of 62.0±1.4 years 
(range, 27.6–82.8 years), underwent 42 ab-
dominopelvic transarterial interventional 
procedures, in which the use of DRA access 

was intended. Indications for the proce-
dures included hepatic chemoembolization 
in 35 cases (83.3%), hepatic embolization in 
4 cases (9.5%), uterine artery embolization 
for fibroids in one case (2.4%), spleen embo-
lization in one case (2.4%) and renal tumor 
embolization in one case (2.5%) (Table 1).

The mean (±SD) diameter of the DRA 
was 2.31±0.44 mm (range, 1.7–3.2 mm); the 
mean diameter of the PRA was 2.63±0.40 
mm (range, 1.9–3.7 mm); the mean diame-
ter of the wrist ulnar artery was 2.09±0.5.0 
mm (range, 1.3–3.2 mm) (Table 2).

A technical success rate of 97.6% was ob-
tained (41/42). In the unsuccessful case, the 
guidewire did not progress through the ves-
sel due to vasospasm. In this case, ipsilateral 
PRA access was successfully obtained, with 
no need for conversion to transfemoral ar-
tery approach.

Barbeau type A was observed in 7 cases 
(16.7%), type B in 30 cases (71.4%), type 
C in 4 cases (9.5%) and type D in just one 
case (2.4%). In all Barbeau types, the punc-
ture and procedure were successfully per-
formed without complications.

The left radial artery was selected in 
88.1% of the cases (37/42). One pelvic, one 
renal, and one splenic procedure were per-
formed through the right radial artery as 
originally intended, and two liver proce-
dures were performed under sedation. The 
right radial artery was chosen for the conve-
nience of the operator.

Among all patients (both DRA and PRA 
puncture sites), 7.1% (3/42) described 
forearm pain during the procedure. One 

patient reported mild discomfort, one pa-
tient reported moderate discomfort, and 
one patient reported severe discomfort. 
Discomfort disappeared immediately after 
the catheter and sheath were removed in 
all cases. The case of severe discomfort was 
attributed to a proximal radial kinking recti-
fication, and the other cases were attribut-
ed to small vessel diameter and vasospasm 
(DRA and PRA mean diameters were 1.75 
and 2.50 mm, respectively).

Four patients successfully underwent 
more than one procedure using the same 
DRA, without access site complications.

The clinical evaluation 2 hours postpro-
cedure and at 30-day follow-up revealed 
the presence of pulse in both the DRA and 
PRA in 100% of patients. There were no 
postoperative complications related to the 
access site, such as pain, palsy, paresthesia, 
finger ischemia, bleeding, hematoma, and 
pseudoaneurysm.

Discussion
The transradial approach has been stud-

ied in past decades, and many advantag-
es of this approach over the transfemoral 
approach have been described, including 
the following: fast recovery, fewer severe 
hemorrhagic events, ease of hemostasis 
and patient preference (3, 4). Since its first 
description in coronary intervention (5), the 
DRA approach has been advocated for the 
following two main reasons: to reduce the 
risk of RAO at the forearm and to improve 
operator and patient comfort, especially 
when using the left radial approach (7).

The DRA is the segment of the radi-
al artery located after the emergence of 
the superficial palmar arch branch, in the 
volar face of the hand, in the anatomical 
snuffbox, and distal to the extensor pollicis 
longus tendon. The DRA is located approx-
imately 5 to 7 cm from the conventional 
radial puncture site in the palmar face of 
the wrist. This distance is of great signifi-
cance since it might impact the selection 
of the catheter and microcatheter length, 
depending on the proposed interventional 
procedure, and might contraindicate the 
use of this approach, depending on the pa-
tient’s height.

Another characteristic that may limit the 
DRA as an approach option for diagnostic 
and mainly interventional procedures is its 
caliper. The DRA tends to be significantly 
thinner than the PRA in approximately 10% 
to 15% of people, and the difference can 
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Figure 3. a–d. Left radial artery puncture at the dorsum of the hand, distal to the snuffbox (a), under 
ultrasound guidance using a 21 G, 4.0 cm needle and single-wall technique. In panel (b), a 0.018-inch 
wire is advanced into the radial artery. In panel (c), skin incision is performed before introducing the 
introducer-dilator kit. Panel (d) shows sheath placement into the left distal radial artery.

c

a

d

b

Table 1. Patient characteristics

Characteristics n=42

Age (years), mean±SD (range)* 62.0±11.4  
(27.6–82.8)

Male, n (%)* 26 (67.6)

Barbeau A, n (%) 7 (16.7)

Barbeau B, n (%) 30 (71.4)

Barbeau C, n (%) 4 (9.5)

Barbeau D, n (%) 1 (2.4)

Technical success, n (%) 41 (97.6)

SD, standard deviation.
*Age and sex data represent total patients (n=37) and 
not total procedures.

Table 2. Radial and ulnar sizes and ratio

Measurement and 
ratio of DRA and PRA Mean±SD (range)

DRA size (mm) 2.31±0.44 (1.70–3.20)

PRA size (mm) 2.63±0.40 (1.90–3.70)

Proximal ulnar artery 
size (mm) 

2.09±0.50 (1.30–3.20)

PRA/DRA discrepancy 
(mm) 

0.32±0.29 (0.00–1.10)

DRA/PRA ratio 0.88±0.10 (0.61–1.00)

DRA, distal radial artery; PRA, proximal radial artery; 
SD, standard deviation.
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reach 1.9 mm in some patients, limiting the 
safe positioning of the sheath (8). Most vas-
cular complications related to the access site 
are associated with incompatibility between 
the artery and sheath diameter. Naito et al. 
(9) indicated safe cannulation when the ar-
tery/sheath ratio >1.0. Performing interven-
tions through the DRA approach without 
measuring the diameter of the artery might 
be associated with a high risk of artery in-
jury. In our study, patients presenting DRA 
diameters smaller than 1.7 mm were con-
sistently excluded from puncture attempts, 
which may have decreased the complica-
tions due to vascular injury. DRA ultrasono-
graphic evaluation and puncture guidance 
are associated with higher puncture success 
rates and lower complication rates (10–12), 
and its use should be encouraged.

All procedures were performed using a 5 
F 11 cm sheath because the catheters avail-
able during the study were only 5 F.

Kiemeneij (5) described a technical suc-
cess rate of 89.6% for snuffbox left radial 
access to perform coronary interventions 
in 70 selected patients. Pua et al. (10) used 
snuffbox radial access for visceral interven-
tions and reported a technical success of 
100% in 50 cases, all of which were ultra-
sound-guided. Nardai et al. (13) also de-
scribed a technical success of 100% in 58 
cases of carotid intervention performed 
with the DRA approach and the use of ul-
trasound to guide arterial puncture. A tech-
nical success rate of 98.2% was reported by 
van Dam et al. (14) in 56 patients with 82 
punctures for noncoronary endovascular 
procedures. The technical success of the 
DRA approach for coronary percutaneous 
interventions varied from 70% to 100%, 
and most reports did not use ultrasound 
guidance (12, 15–19). Posham et al. (3) de-
scribed technical success in 1485 of 1512 
cases (98.2%) in transradial access for non-
coronary interventions through conven-
tional PRA access. Our technical success 
rate (97.6%) was in accordance with the 
DRA access reported in the literature.

One patient was classified as type D in 
Barbeau’s test and did not experience pain 
during the procedure or postprocedural 
complications. Barbeau type D is a formal 
contraindication to PRA puncture, but due 
to anatomical reasons, DRA access can be 
safely performed in these patients due to 
the proximal branch to superficial palmar 
arch that keep the fingers normally per-
fused even if the DRA segment occludes in 
the future.

In the present article, one patient pre-
sented vasospasm at the puncture site that 
blocked the progression of the guidewire 
through the artery. In this case, ipsilateral 
PRA access was successfully achieved, with 
no need for conversion to the transfemoral 
approach. Kiemeneij (5) successfully con-
verted all failed left DRA access attempts to 
a conventional right or left PRA approach. 
Van Dam et al. (14) converted all failed cas-
es to a transfemoral approach. As Pua et al. 
(10) and Nardai et al. (13) reported no tech-
nical failure, no conversion to conventional 
PRA or a transfemoral approach was need-
ed. In all procedures, we did not face any 
difficulties in catheter navigation or posi-
tioning, and the treatments proposed were 
successfully performed in each case.

In this study, the mean (±SD) diameter 
of both DRA and PRA were comparable to 
the available literature (DRA, 2.31±0.44 mm; 
PRA, 2.63±0.40 mm). Naito et al. (9), study-
ing the diameter of the DRA at the anatomi-
cal snuffbox using ultrasound in a Japanese 
population, found a DRA mean diameter 
of 2.02±0.44 mm and 2.57±0.58 mm in 
conventional access points of the radial ar-
tery. Yongcheol et al. (20) reported that the 
mean diameter of the DRA was 2.65±0.46 
mm in South Korean men and 2.40±0.53 
mm in South Korean women. Three patients 
(7.1%) described forearm discomfort during 
the procedure; the discomfort of one of the 
patients was due to kinking rectification, 
and the discomfort in two of the patients 
probably due to small radial artery diameter 
and vasospasm. In all patients, discomfort 
resolved after catheter and sheath removal. 
Dharma et al. (21) studied postprocedural 
arm pain in patients who underwent a tran-
sradial approach to coronary interventional 
procedures and found some factors related 
to a higher incidence of pain, including he-
mostasis compression higher than 4 hours, 
presence of RAO at Doppler evaluation, 
multiple puncture attempts and a radial 
artery diameter less than 2.8 mm. Although 
the patients in our study did not report 
postprocedural forearm pain, the findings 
described by Dharma et al. (21) that most 
patients who presented with discomfort in 
the forearm had small DRA and PRA diame-
ters indicate that this symptom may be as-
sociated with vessel caliber and secondary 
vasospasm.

No major complications were observed 
in this study. All patients presented normal 
DRA and PRA pulse at two hours postproce-
dure and at 30 days, denoting no cases of 

clinical RAO. Most studies (5, 10, 12–16, 19) 
described low or no events of RAO with the 
DRA approach, suggesting less access to 
the radial artery in the DRA approach than 
in the conventional PRA approach. In con-
trast, Koutouzis et al. (18) found high rates 
of RAO of both DRA and PRA access. Sinha 
et al. (22) studied RAO after transradial diag-
nostic and therapeutic coronary interven-
tions in 1945 patients and showed 17.4%, 
13.6% and 5.1% RAO with Doppler study at 
1 day, 1 month and 6 months, respectively; 
moreover, in addition to the occlusion, all 
patients were asymptomatic, and the radi-
al pulse was still palpable in some patients 
(5.9%, 5.8% and 3.4% of all patients evalu-
ated had loss of pulse, respectively). As the 
evaluation of patency was performed only 
with clinical evaluation, RAO might be un-
derdiagnosed in our study. Postprocedure 
follow-up Doppler evaluation is encour-
aged in future studies to diagnose eventual 
subclinical RAO.

This study has some limitations. Proce-
dure time, radiation dose and fluoroscopy 
time were not evaluated since the objec-
tive of the study was focused on the access 
site for abdominopelvic procedures. As dif-
ferent types of interventional procedures 
were included, these data would exceed 
the scope of the study and would not yield 
relevant information. Future studies should 
include information on radiation and proce-
dure time and a control group that under-
goes the same range of procedures through 
transfemoral and/or PRA approaches, to 
obtain sufficient data for comparison. Un-
fortunately, no data was taken regarding 
puncture time or attempts. This informa-
tion could allow comparison to non-ultra-
sound-guided puncture or puncture of sites 
other than distal radial. Future research on 
this field should include this data.

In conclusion, our study suggests that 
DRA access under ultrasound guidance for 
abdominopelvic interventional procedures 
is safe and feasible, with reproducible and 
high technical success rates and low com-
plication incidences, in DRAs considered 
amenable to be safely punctured.

Conflict of interest disclosure
The authors declared no conflicts of interest.

References
1.  Valgimigli M, Gagnor A, Calabró P, et al. Radial 

versus femoral access in patients with acute 
coronary syndromes undergoing invasive 
management: a randomised multicentre trial. 
Lancet 2015; 385:2465–2476. [Crossref]

https://doi.org/10.1016/S0140-6736(15)60292-6


2.  Ruzsa Z, Nemes B, Pintér L, et al. A randomised 
comparison of transradial and transfemoral 
approach for carotid artery stenting : RADCAR 
(RADial access for CARotid artery stenting) 
study. EuroIntervention 2014; 10:381–391. 
[Crossref]

3. Posham R, Biederman DM, Patel RS, et al. 
Transradial Approach for noncoronary inter-
ventions: a single-center review of safety and 
feasibility in the first 1,500 cases. J Vasc Interv 
Radiol 2016; 27:159–166. [Crossref]

4. Ferrante G, Rao SV, Jüni P, et al. Radial versus 
femoral access for coronary interventions 
across the entire spectrum of patients with 
coronary artery disease: a meta-analysis of ran-
domized trials. JACC Cardiovasc Interv 2016; 
9:1419–1434. [Crossref]

5. Kiemeneij F. Left distal transradial access in the 
anatomical snuffbox for coronary angiography 
(ldTRA) and interventions (ldTRI). EuroInter-
vention 2017; 13:851–857. [Crossref]

6. Barbeau GR, Arsenault F, Dugas L, Simard S, 
Larivière MM. Evaluation of the ulnopalmar ar-
terial arches with pulse oximetry and plethys-
mography : Comparison with the Allen’s test in 
1010 patients. Am Heart J 2004; 147:489–493. 
[Crossref]

7. Corcos T. Distal radial access for coronary angi-
ography and percutaneous coronary interven-
tion: A state-of-the-art review. Catheter Cardio-
vasc Interv 2019; 93:639–644. [Crossref]

8. Norimatsu K, Kusumoto T, Yoshimoto K, et al. 
Importance of measurement of the diameter 
of the distal radial artery in a distal radial ap-
proach from the anatomical snuffbox before 
coronary catheterization. Heart Vessels 2019; 
34:1615–1620. [Crossref]

9. Naito T, Sawaoka T, Sasaki K, et al. Evaluation of 
the diameter of the distal radial artery at the 
anatomical snuff box using ultrasound in Jap-
anese patients. Cardiovasc Interv Ther 2019; 
34:312–316. [Crossref]

10. Pua U, Sim JZT, Quek LHH, Kwan J, Lim GHT, 
Huang IKH. Feasibility study of “snuffbox” radi-
al access for visceral interventions. J Vasc Interv 
Radiol 2018; 29:1276–1280. [Crossref]

11. Brunet MC, Chen SH, Sur S, et al. Distal tran-
sradial access in the anatomical snuffbox for 
diagnostic cerebral angiography. J Neurointerv 
Surg 2019; 11:710–713. [Crossref]

12. Aoi S, Htun WW, Freeo S, et al. Distal transradi-
al artery access in the anatomical snuffbox for 
coronary angiography as an alternative access 
site for faster hemostasis. Catheter Cardiovasc 
Interv 2019 94:651–657. [Crossref]

13. Nardai S, Végh E, Óriás V, et al. Feasibility of dis-
tal radial access for carotid interventions: the 
RADCAR-DISTAL pilot study. EuroIntervention 
2020 15:1288–1290. [Crossref]

14. Dam L Van, Geeraedts T, Bijdevaate D. Distal ra-
dial artery access for noncoronary endovascular 
treatment is a safe and feasible technique. J Vasc 
Interv Radiol 2019; 30:1281–1285. [Crossref]

15. Soydan E, Akın M. Coronary angiography using 
the left distal radial approach - An alternative site 
to conventional radial coronary angiography. 
Anatol J Cardiol 2018; 19:243–248. [Crossref]

16. Al-Azizi KM, Grewal V, Gobeil K, et al. The left 
distal transradial artery access for coronary an-
giography and intervention: A US experience. 
Cardiovasc Revasc Med 2019; 20:786–789. 
[Crossref]

17. Valsecchi O, Vassileva A, Cereda AF, et al. Ear-
ly clinical experience with right and left distal 
transradial access in the anatomical snuffbox 
in 52 consecutive patients. J Invasive Cardiol 
2018; 30:218–223.

18. Koutouzis M, Kontopodis E, Tassopoulos A, et 
al. Distal versus traditional radial approach for 
coronary angiography. Cardiovasc Revasc Med 
2019; 20:678–680. [Crossref]

19. Ziakas A, Koutouzis M, Didagelos M, et al. Right 
arm distal transradial (snuffbox) access for coro-
nary catheterization: Initial experience. Hellenic 
J Cardiol 2018; S1109-9666:30379. [Crossref]

20. Kim Y, Ahn Y, Kim MC, et al. Gender differenc-
es in the distal radial artery diameter for the 
snuffbox approach. Cardiol J 2018; 25:639–641. 
[Crossref]

21. Dharma S, Kedev S, Patel T, Gilchrist IC, Rao SV. 
The predictors of post-procedural arm pain 
after transradial approach in 1706 patients 
underwent transradial catheterization. Cardio-
vasc Revasc Med 2019; 20:674–677. [Crossref]

22. Sinha SK, Jha MJ, Mishra V, et al. Radial artery 
occlusion – incidence, predictors and long-
term outcome after TRAnsradial catheteriza-
tion: Clinico-doppler ultrasound-based study 
(RAIL-TRAC study). Acta Cardiol 2017; 72:318–
327. [Crossref]

574 • November–December 2020 • Diagnostic and Interventional Radiology Koury Jr. et al.

https://doi.org/10.4244/EIJV10I3A64
https://doi.org/10.1016/j.jvir.2015.10.026
https://doi.org/10.1016/j.jcin.2016.04.014
https://doi.org/10.4244/EIJ-D-17-00079
https://doi.org/10.1016/j.ahj.2003.10.038
https://doi.org/10.1002/ccd.28016
https://doi.org/10.1007/s00380-019-01404-2
https://doi.org/10.1007/s12928-018-00567-5
https://doi.org/10.1016/j.jvir.2018.05.002
https://doi.org/10.1136/neurintsurg-2019-014718
https://doi.org/10.1002/ccd.28155
https://doi.org/10.4244/EIJ-D-19-00023
https://doi.org/10.1016/j.jvir.2019.01.011
https://doi.org/10.14744/AnatolJCardiol.2018.59932
https://doi.org/10.1016/j.carrev.2018.10.023
https://doi.org/10.1016/j.carrev.2018.09.018
https://doi.org/10.1016/j.hjc.2018.10.008
https://doi.org/10.5603/CJ.2018.0128
https://doi.org/10.1016/j.carrev.2018.09.006
https://doi.org/10.1080/00015385.2017.1305158

